The experiments were carried with two steels with different chemical compositions, aiming at understanding and comparison with the available literature. The microstructures of steels 1045 and 4340 were characterized and quantified using scanning electron microscopy (SEM) and optic microscopy (OM) with quantitative methods. Based on the experimental results, the amount of martensite, the hardness and the microhardness were determined, as a function of the distance from the quenching end, under different cooling conditions. For predicting the evolution of martensitic fraction along the sample, Koistinen-Marburger's (K-M) model was adopted. It was found that the parameters recommended in the literature for the traditional K-M model do not represent accurately the results obtained for the steel samples under investigation. According to indications found in recent literature, parameter corrections were proposed, leading to a modified K-M model which better represents the transformations observed in the different examined steels
Introduction
The rate of cooling that the steel is subjected considerably affects the level of hardness and performance. In this sense, the quenching is one of the most commonly used heat treatments in industry, in which the steel is subjected to a quick cooling after the austenitization. This treatment increases the piece's hardness, making it possible to use steels with less content of alloy elements in applications where mechanical resistance is required [1] [2] [3] .
Although the hardness is strongly dependent on the carbon content, the hardenability also depends on the presence of alloy elements and cooling rates [4, 5] . Therefore, the Jominy test is recommended in order to study the hardenability in terms of hardening depth, where a controlled and directional cooling is imposed [6, 7] . An advantage of the Jominy test is the possibility to obtain different cooling rates in a same bar, which promotes different hardness along the sample's body and therefore cover a large range of heat treatments.
This study regarding the effect of austenitization on the microstructure and the final mechanical properties is of scientific interest to understand the kinetics involved on the martensitic transformation. SAE 4340 is largely utilized due to its good hardenability; in contrast, this property is not usually pronounced in the SAE 1045. Therefore, the latter material is expected to form low amount of martensite. Due to their opposite properties, these two steels were selected in order to investigate the kinetics of martensite formation in this study. The subsequent application of K-M [8] model revealed that the universal parameters, which has been used for several years, do not reproduce the kinetics observed in this study, which is supported by recent experimental results for other materials [9] [10] [11] . Thus, new parameters are suggested to represent these particular transformations on the 1045 and 4340 steels.
Experimental procedure
For both studied steels, two samples were prepared -4 samples in total. In each sample, five thermocouples were introduced in different depths, so that the first one was located at 5mm from the extremity to be quenched. The chemical compositions are presented in Table 1 : The samples (CP) were heated in a temperature controlled furnace to about 100°C above the austenitization temperature, then they were placed into a support and the controlled water flow was maintained at 12.5 mm of jet height. After the experiments, the samples were cross cut -the measurements' and thermocouples' locations can be seen in Fig. 1 , in which the cuts and the marked surfaces are shown. It can be observed that six cross sections were made in each sample, which are represented sequentially by the letters of the alphabet. In total, 12 samples of steel 1045 and the same quantity for the steel 4340 were analyzed. Table 2 shows the identification of the samples and the thermocouples locations, which are used as the nomenclature for the results and discussions: 
Results and discussion
All the curves presented and their corresponding microstructures were obtained by measurements around the thermocouples' positions. The results out of these regions were obtained by interpolation, considering that the trends can be applied to the whole piece. The martensite's volume fractions around the thermocouples were estimated using quantitative metallography. Finally, these volume fractions in the corresponding regions are confronted with the respective results for microhardness and hardness. In order to theoretically estimate the martensite transformation, the K-M model was applied and compared with the final measurements on each region. According to the results obtained, this model is not able to accurately predict the phenomena in the investigated samples. Therefore, new parameters are proposed in order to improve the model's performance in this situation. A discussion regarding the applicability of this model is addressed and new parameters are suggested in order to accurately predict the final volume fractions of martensite of these steel samples. Based on the experimental results, the conclusion of this paper is that it was possible to get new parameters for K-M simulations which are able to better represent the real kinetics of the transformations for the 1045 and 4340 steels. Figure 2 represents a comparison between the average hardnesses of two samples (1 and 2) of 1045 steel. The quenched extremity has a hardness corresponding to a steel with this percentage of carbon, since the cooling was sufficiently fast to attain practically 100% of martensite. It was also noticed that this material presents an abrupt decrease in the values of HRC hardness near to the quenched extremity, which can be confirmed by the results obtained by optical OM microscopy and SEM ( Fig 6) . The reason for such behavior is probably due to the fact that the kinetics of this transformation was not fast enough to avoid formation of ferrite and cementite. Figure 3 represents a comparison between the average hardness obtained in the samples 1 and 2 of the 4340 steel. These results show that, for this material, the hardness remains above 50 HRC even for the 60 mm distance, which is in accordance with the presence of martensitic structure along the whole piece ( Fig. 7) .
Using the softwares Image Pro-Plus and Image J it was possible to estimate with accuracy the martensitic volumetric fraction in the steel samples. These results can be seen in Figures 4 and  5 , in which the nomenclature utilized follows the indication shown in Table 2 and Figure 1 . 
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The Figure 6 shows the microstructures as indicated by the Table 2 . The presence of martensitic structure is observed in Figures 6(a) , originated from the fast cooling in this region. In Figure 6 (1045b), it is shown that the acicular ferrite fraction continuously increased as the position is distanced from the quenching surface. In Figure 6 (4340a,b) , it can be observed that this sample is mostly composed of martensitic structure along the whole sample. From this result, it is found that, as expected, the carbon content has strong effect on the hardenability only near the region of strong quenching and the hardness of the piece as a whole depends more on the alloying elements.
After all aforementioned tests, the K-M model was used to verify its ability to predict the martensite evolution in these steels. Although it is argued that the model proposed by Koistinen and Marburger [8] is able to reasonably predict the kinetic of martensite transformation in most usual steels, experimental results for some particular steels has shown large discrepancy and some authors have proposed parameters corrections based on chemical compositions and cooling rates, as follows:
(1) where yγ is the residual austenite fraction; α was considered to be approximately equal to 1.10×10 -2 K -1 .
Meyzaud and Sauzay [9] tested Koistinen and Marburger's formula modifying the original equation for:
]} is the time needed for cooling a material from 700 ºC to 300 ºC.
Taking Meyzaud and Sauzay's model [9] as a reference, the parameters ∆t, temperature evolution and final volume fractions were measured and a general equation was proposed with the parameters A and B, which can be adjusted for each steel sample.
]} By applying this formulation to the experimental data obtained in this study, the results for new parameters can be drawn. Thus, a specialized equation based on K-M model can be obtained for these steels. In Figures 7 and 8 (presents empirically obtained cooling rates), for the steels 1045 and 4340 respectively, are presented the comparisons between the simulations using Eq. (2) Koistinen, Marburger, Meyzaud, Sauzay (K-M) and of K-M modified in this investigation (K-M-c). Figure 7 compares the martensite fractions as predicted by the K-M and K-M-c models in the first thermocouple (quenching end). The experimental cooling curve "R" is plotted in blue, for reference. In this chart, the right scale corresponds to the cooling curve (temperature) and the left one is representing the models (martensite volume fraction).
1045-M sample
4340-G sample Fig. 7 : Prediction of martensite formation during the cooling time, first thermocouples/quenching end.
In Figure 7 , it can be observed that when the temperature curves droped below 300°C the martensite formation started. The general trend of the curves kept the same and, with the new paramters proposed, the experimental data and model predictions get closer (Table 3) . The cooling rates used to adjust the model parameters were locally calculated for each thermocouple and hence represent the tranformation conditions in each region of the piece. The 4340 steel presented martensite volume fraction around 95% and the 1045 steel about 90%, and the cooling rates are -3.17°C/s and -3°C/s accordingly. The new corrected parameters suggested in this study for K-M-c simulation were: 4340 -0.25 and 0.005; 1045 -0.19 and 0.01. The curves obtained through the K-M simulation appeared inflexible and almost did not changed, therefore they were applied only for the quenching end. To reinforce the arguments discussed in this paper, there are two curves shown in Figure 9 in which the results of the K-M simulations are presented: the green triangle line corresponds to Eq. (1) representing the original Koistinen Marburger's model; on the other hand, the orange square line is obtained from Eq. (2). It is evidenced in Figure  9 , which corresponds to the 1045-Q steel (fifth thermocouple, the most distant from the quench end), the great difference between the K-M simulations and the experimental data (real situation). The results were supported by measurements of hardness, microhardness and metallographic analysis that served as a basis for the parameters corrections proposed in this study. Figure 9 compares the results predicted by the K-M models without any corrections and K-M-c with proposed corrections, which are in good aggreement with the final volume fractions obtained by the combined methods. Contrarly, it was observed and confirmed that the K-M models using the original parameters are roughtly discrepant with the experimental data for these steels, which justify the contribution of this paper and corroborate with other authors [5, [9] [10] [11] . Table 3 shows the data obtained by experimental procedure and model predictions. ]} the underlined parameters were substituted as indicated in the Table 3 .
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Conclusions
It was confirmed in this study that the rate of cooling during heat treatment effects the formation of phases with higher hardness. Based on the experimental data obtained in this study it was possible to improve the predictability of the martensite formation by proposing new constants to K-M formulae. Regarding the volume fraction of the phase transformation, the following conclusions can be made:
The analysis and calculation of martensitic transformation using the Koistinen-Marburger formulae was efficient, once it takes into consideration the suggestions/corrections proposed in this paper, whose goal was to improve the existing model.
The relevance of these corrections is in fact, that they are based on experimental results, so no significant differences between the simulated and empirical data were found. The difference between calculated and measured martensite fraction is within the limits of measurement uncertainty.
For each type of steel there are different particular constants to be used for K-M-c simulations, aiming at predicting the kinetics of martensite formation, and also a specific relationship between the cooling rates and these constants. In this paper it is suggested new parameters for a modified termed K-M-c that show better agreement with the final volume fractions of martensite transformation data for 4340 and 1045 steels.
